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論 文 の 内 容 の 要 旨 
 
食品の貯蔵・加工・調理の過程において、食品の構成成分であるアミノ基とカルボニル基の間で非酵素
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   Maillard reaction products are widely used as functional substances that can be generated safely 
and efficiently and contribute to taste, aroma, color, texture and biological activity. Whereas, it is now 
known that various kinds of toxic substances are generated in food processing and cooking by the 
Maillard reaction. Therefore, the aim of studies is to the structure analyses of food-derived Maillard 
reaction products and clarification of the Maillard reaction mechanism. This report consists of three 
chapters that model experiments using amino acid, peptides and proteins [studies 1 and 2] and cooking 
experiments using meat and fish meat [studied 3 and 4]. 
 
Chapter 1 [study 1] : 
Effect of salt concentration on the reaction rate of Glc with amino acids, peptides and proteins. 
It is well known that pH, reaction temperature, and reaction time influence the Maillard reaction. On 
the other hand, food contains various amounts of salt, and the traditional foods of Japan, such as soy 
paste and soy sauce, contain high concentrations of sodium chloride. There is a possibility that salt 
affect the reaction rate of the Maillard reaction. However, the effects of salt on the various amino acids, 
peptides, and proteins were not studied in detail. In study 1, we investigated the effects of salt 
concentration on the rates of the browning reaction of amino acid, peptides, and proteins. A high 
concentration of sodium chloride retarded the reaction rate of Glc with amino acids as measured with 
browning degree. On the other hand, a high concentration of sodium chloride retarded the reaction 
rate of Glc with proteins as measured with browning degree, polymerization degree or by the loss of 
Lys. It is hoped that the results of this study will be applied in the control of amino-carbonyl reaction 
rates in the food industry. 
 
Chapter 2[study 2] : 
Glycation pattern, thermal degradation and cross-linking of LEKFD modified with glucose. 
   Maillard reaction peptides (MRPs) contribute to taste, aroma, color, texture and biological activity. 
However, peptide degradation or the cross-linking of MRPs in the Maillard reaction has not been 
investigated clearly. A peptide of LEKFD, a part of -lactoglobulin, was heated with glucose and the 
reaction products were analyzed by MS, MS/MS and HPLC with gel-filtration column and DAD 
detector. In fractions, an imminium ion of LEK*FD, a pyrylium ion or a hydroxymethyl furylium ion of 
LEK*FD were detected by MS, MS/MS. Therefore, those products may be produced by the Maillard 
reaction. The molecular orbital of glycated LEKFD was calculated by MOPAC. These calculation 
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results suggest that glycated peptides may be degraded at their N atoms. HPLC with gel-filtration 
column showed cross-linking and degradation of peptides. 
Chapter 3[study 3, 4] : 
Morbidity and safety for the Maillard reaction occurred during cooking of meat products. 
   During food processing and cooking, various flavor compounds, colored substances, and toxic 
substances are produced by the Maillard reaction. To investigate the relationship between Maillard 
reaction products and actual cooking conditions, we investigated the effects of seasonings and cooking 
conditions on the Maillard reaction of meat by measuring the content of furosine, fluorescent 
compounds, or 4(5)-methylimidazole [4(5)-MI]. The amount of amadori rearrangement product of 
seasoned and unseasoned meat increased rapidly when pan-broiled and fried but increased slowly 
during the initial stages of baking. On the other hand, the amount of amadori rearrangement product 
of seasoned and unseasoned fish meat increased rapidly when fried but increased slowly during the 
initial stages of pan-broiling and baking. The rate of increase in the fluorescence of baked meat and 
fish meat was lower than that of meat and fish meat subjected to other cooking methods. Both 
seasoned and unseasoned fish meat fried for longer than 14 min or pan-broiled for 30 min contained a 
high level of 4(5)-MI. Therefore, the formation of Maillard reaction products in meat was better 
controlled by baking in a gas oven than by cooking by other methods. 
 
   The present studies demonstrated that: (1) salt concentration and cooking conditions have a strong 
correlation with the reaction mechanism of food-derived Maillard reaction products, (2) baking does 
reduce the products of the Maillard reaction in meat and therefore seems to be the optimal cooking 
method in terms of both food quality and food safety, (3) it was found that both peptide degradation and 
peptide cross-linking occur in the Maillard reaction and therefore the Maillard reaction products with 

















































4(5)-MI の他にもヘテロサイクリックアミンや AGEs など多数あるため、質量分析計を用いてそれら危害
物質を簡便に分析する方法の検討も期待される。メイラード反応によって生じるペプチド分解・架橋につ












                       
 
